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Abstract 
Monoethanolamine (MEA) is one of the solvents that has shown a good performance in CO2 post-combustion capture 
application. Nonetheless, the waste that consists of heat stable salts and MEA degradation products is unavoidable 
although it has been reclaimed thermally. In this study, reclaimer waste from the CO2 capture process is characterized 
and its compatibility for reuse application and biological handling is explored. Particularly, waste components and 
th SM technology incorporating the other 
proven findings. MEA process waste can be deployed in NOx-SNCR scrubbing process directly. In addition, the 
installment of crystallization unit and KOH addition in reclaiming MEA can produce potassium sulfate that is useful 
for the other applications. This investigation incorporates the regulations in UAE, which suggest the need of 
treatment for MEA reclaimer waste by means of wastewater treatment technology (i.e. biological process). The 
treated wastewater can furthermore be reused for landscape irrigation, construction, and district cooling thus it can 
promote ecologically-sound CO2 capture application in UAE. 
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1. Introduction 
Monoethanoleamine (MEA) is extensively used in CO2 post-combustion capture due to its high 
absorptivity towards CO2 at a wide range of partial pressure and fast reaction rate. In addition, the 
hydroxyl group (OH) of MEA lowers its vapor pressure that subsequently increases the solubility of CO2 
while its amino group creates alkaline condition for acid gas (i.e. CO2) absorption [1]. These advantages 
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deliver MEA as the most favorable solvent used in industrial applications including gas sweetening and 
power plant e.g. IMC Chemicals Facilty- SM, ABB Lummus Global.  
CO2-containing gas flow is passed through aqueous MEA creating acid-base neutralization 
phenomenon and producing soluble carbonate salt. This reaction is expected to be reversible since 
carbonate salt only presents as loosely bonded product that can easily be decomposed by thermal 
exposure. Ideally, MEA is recycled continuously without any loss in the process [2]. Nonetheless, the 
regeneration step requires high amount of energy due to high enthalpy of reaction. Besides energy 
penalty, the presence of heat stable salts that is engendered by oxygen and carbamate polymer that is 
induced by high thermal cannot be avoided [3]. These products are yielded from the reaction between 
MEA with impurities contained in the flue gas (O2, H2S, SOx, NOx, fly ash, COS, and hydrocarbon) or 
makeup water (Na, K, Ca, Mg, Cl, SO42-, HCO3-) [4]. The reclaiming process of MEA and removal of 
heat stable salts and degradation product from the liquid phase in a slip-stream are very crucial to 
maintain the efficiency and avoid corrosion problem. Nevertheless, this application generates aqueous 
slurry waste (i.e MEA reclaimer waste) that has become a challenge in CO2 post-combustion process [5].  
MEA reclaimer waste can be considered as hazardous waste if heavy-metal corrosion inhibitors e.g. 
vanadium, antimony, and cyanide compounds present in the waste [6]. In the gas sweetening industries, 
the prevalent practice for treatment of liquid waste is on-site or off-site injection yet it is ecologically 
unattractive due to contamination issue. The other alternatives are landfill disposal and incineration [7]. 
However, air pollution control equipment e.g. wet scrubber should be installed to tackle the emission from 
incineration and waste neutralization should be executed prior to disposal [6].  
Biological treatment is one of the potential techniques in handling MEA reclaimer waste. There are 
some studies signifying the biodegradability of fresh MEA in aerobic and anaerobic reactor. The 
decomposition products are acetic acid, ammonium, acetaldehyde, formic acid, and ethanol [8-10]. It is 
proven that fresh MEA is fully biodegraded in aerobic condition within 21 days with the addition of 
phosphate [8]. Particularly, decomposition of MEA reclaimer waste from Aker Kvaerner pilot facility 
(Kårstø, Norway) in aerobic batch and anaerobic continuous reactor is confirmed. The result from 
anaerobic process provides a benefit on producing methane (CH4) yet it is more complicated to operate in 
the condition of low C/N ratio of the reclaimer waste [11].   
One of the concerns of MEA reclaimer waste is the existence of nitrosamine induced by NOx chemical 
reaction namely nitrosodiethanolamine (NDELA) and nitrosodimethylamine (NDMA). NDELA is non-
volatile substance while NDMA is expected to be volatile [12]. Nonetheless, some studies argue that 
NDELA is non-volatile compound. Furthermore, there are some successful biodegradation investigations 
for these two substances both in nature and in a manipulated environment by axenic bacteria [13-15]. As a 
result from the previous findings, biological treatment for MEA reclaimer waste is reasonably promising 
and can support the reuse of the post-treatment product.     
The focus of this work covers MEA waste characterization along with evaluation of possible waste 
treatment and reuse options. There are numerous studies on heat stable salts and degradation products in a 
bench-scale, which are valuable for characterization. On the other hand, there is limited information on 
the waste composition that accurately represents the reclaimer waste (i.e. sample of reclaimer waste) from 
CO2 capture plant. Therefore, a reference case of  Econamine FGSM is selected as it is deemed to 
have sufficient data for further investigation yet some assumptions from the other literatures are taken into 
consideration.  In the end, the regulations regarding waste treatment and reuse are incorporated so as to 
promote environmentally-sound CO2 capture application in UAE.  
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2. MEA process waste characterization 
There are two main components contained in MEA process waste including oxidative degradation and 
carbamate polymer induced by high thermal exposure. Nitrosamine from NOx reaction has also been a 
major concern due to its carcinogenic nature. Nonetheless, type and amount of these substances depend 
on the quality of flue gas, type of power plant, and operating condition. Table 1 indicates the heat stable 
salts and degradation products that have been extensively investigated in MEA-based CO2 post-
combustion capture application. Their characteristic is determined as it is essential for determining 
appropriate waste treatment.  
Table 1: Characterization of MEA process waste component 
Compound Origin Biodegradability Waste Status 
(U. S. EPA) 
Reference 
1-(2-hydroxyethyl) imidazolidone-2 
(HEIA) Carbamate 
polymerization & 
thermal 
degradation 
Yes - 
[2, 16-19] N-(2-hydroxyethyl)-ethylenediamine 
(HEEDA) 
Yes - 
N-N-di(hydroxyethyl) urea (DHU) Yes - 
Formic acid/formate (HCOOH/HCOO-) 
Oxidative 
degradation 
Yes (98-100%) - 
[2, 3, 6, 19, 
20] 
Acetic acid/acetate 
(CH3COOH/CH3COO-) 
Yes (95%) - 
Oxalic acid/Oxalate (HOCOCOOH/ 
HOCOCOO-) 
Yes (40%) - 
Ammonia/ammonium (NH3/NH4+) Yes, rapidly absorbed 
by microorganism cell 
- 
Formaldehyde Yes (90%) Hazardous (U122) 
Acetaldehyde Yes (80%) Hazardous (U001) 
Hydroxyethyl formamide (HEF) Yes - 
Nitrosodiethanolamine (NDELA) 
Reaction with 
NOx 
Considered to be 
biodegradable 
Hazardous (U173) 
[12, 19] 
Nitrosodimethylamine (NDMA) Considered to be 
biodegradable 
Hazardous (P082) 
 
Besides waste characterization, the quantity of each waste component needs to be identified. There are 
different reclaimer waste quantities reported by vendors or literatures, which are ranging between 1.17 
kg/ton CO2  3.94 kg/ton CO2 depending on the flue gas composition and the operating condition of CO2 
capture process. In this report, a case study of  Econamine FGSM is compiled from the previous 
studies [5, 21-23]. It deploys an ultra-supercritical coal plant that generates 750 MWe output. The 
composition of flue gas is 4.33% O2, 12.38% CO2, 12.21% H2O, 71.08% N2 and after passing through air 
pollution control devices (i.e. FGD and SCR) it still contains 10 ppm(v) SOx and 5 ppm(v) NO2. The 
information of the reference case is elucidated on Table 2. 
Furthermore, waste composition is estimated based on the information from reference case and 
literatures as shown in Table 3. The major components are water, HEIA, formate, MEA urea, and 
HEEDA. In this estimation, the composition of 1.16 m3/day of thermal degradation product cannot be 
identified as detail information only available for three main products: HEIA, HEEDA, MEA Urea. In 
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fact, the analytical test of reclaimer waste taken from Esbjergværket (ESV) pilot plant only detects the 
presence of HEIA as thermal degradation [24]. Therefore, the unknown component can be considered to 
have similar property to HEIA.  
Table 2: Reference case of MEA process waste 
Aspect Value Reference 
CO2 capture capacity 546.8 ton/hr [23] 
MEA consumption 1.6 kg/ton CO2 capture [5] 
Waste Quantity 0.003 m3/ ton CO2 capture [21, 22] 
Waste Composition   
Water 33.9% (v) [23] 
MEA 0.6% (v) [23] 
MEA degradation products 40% Oxidative degradation product 
60% Thermal degradation product 
[22] 
 
Table 3: Estimation of MEA process waste composition adopted from reference case and literatures [12, 16, 24] 
Component m3/day 
Formate 8.97 
Thiocyanate 0.70 
Acetate 0.47 
Thiosulphate 0.12 
Oxalate 0.02 
Sulphate 0.02 
C5H10N2O2 (2 Hydroxyethyl) imidazolidone-2 (HEIA) 11.73 
C4H12N2O (N-(2-Hydroxyethyl)-ethylenediamine (HEEDA) 1.06 
C5H12N2O3 N-N-di(2-hydroxyethyl)urea  1.52 
NDMA 1.05E-06 
NDELA 1.67E-06 
Water 13.35 
MEA 0.24 
Other (thermal degradation product) 1.16 
Total 39.37 
3. MEA process waste reuse and treatment reuse  
3.1. MEA process waste reuse 
Waste reuse is one of main priorities in the waste management practice; however, the study or practice 
on reusing MEA reclaimer waste is still limited. One of the methods to use MEA reclaimer waste directly 
is for NOx scrubbing by selective non-catalytic reduction (SNCR). This is due to ammonia (NH3) content 
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that is commonly used as NOx reducing agent. NH3 is one of the substances that are identified in 
reclaimer waste thus it has capability to absorb NOx. Although it only accounts for 0.04% of total 
nitrogen content in the reclaimer waste, it is verified to have an acceptable performance by applying 
longer holding time of the reactor. Centrifugation (10,000 rpm) is also executed so that only small 
particles remain and can effectively contact with NOx later on. Within the condition of 50% waste 
solution, 8.5 molar ratio, and temperature of 950 °C, the waste decreases NOx by 96% [25]. The waste is 
expected to further experience degradation generating NH3 and NHi radical owing to high temperature 
and oxygen rich condition [26]. This condition is beneficial in increasing the concentration of NH3 in the 
system.  
In this work, ammonia (NH3) is not estimated directly since there is no clear information on the 
quantity of soluble NH3 that remains in the wastewater. However, the total of nitrogen-containing 
material can be obtain, which is 14.55 m3/day and accounts for 36.95% of the total MEA reclaimer waste. 
The amount of NH3 can be calculated stoichiometrically from the presence of formate and acetate using 
oxidative degradation equation [27]. The quantity of NH3 is roughly 1.79 m3/day. This indicates that 
MEA process waste can be used for NOx-SCNR application.   
Another option for reusing MEA process waste is by means of potassium sulfate (K2SO4) 
crystallization. Based on the lab-scale and simulation result, crystallizer that is equipped with flash unit 
can be deployed for treating MEA degradation product. The crystallization process occurs by the addition 
of potassium hydroxide (KOH) reacting with sulfate (SO42-) containing product [28]. In industrial 
application, one of the method to produce K2SO4 crystal is through the reaction between potassium 
containing substance and magnesium sulfate (MgSO4) [29]. Basically, the attempt to crystallize K2SO4 is 
adopted from this industrial process. From the bench-scale work, 29.6 wt% KOH is requied for MEA 30 
wt% with operating condition: 25-60 °C; 250  870 RPM propeller; 20 minutes mixing time. As a result, 
K2SO4 crystal with diameter size of 90-340 m is yielded [28]. This product can be further utilized in 
fertilizer industry and oil drilling activity.  
3.2. MEA process waste treatment 
Based on the previous studies, biological process for amine waste slurry is considered as effective and 
efficient method [10, 11, 30]. In the industrial application, slurry waste is usually treated in a wastewater 
treatment plant. There are some steps in implementing wastewater treatment plant covering pre-treatment, 
primary treatment, secondary treatment, and additional tertiary treatment if needed. The key element of 
this application is secondary treatment, which is mainly biological process. Thus, wastewater should meet 
certain criteria in order to ensure the suitability and efficiency of the process i.e. waste biodegradability, 
sufficient organic content, identified inorganic content and toxic component, and many more.  
 
Biodegradability of pure MEA and MEA waste in aerobic and anaerobic condition are the main 
concerns in employing wastewater treatment. E. coli K12 bacteria is verified to be able to transform MEA 
waste into biomass, acetaldehyde, and acetic acid [9, 10]. The maximum theoretic BOD/COD is 104 g 
O2/mol MEA, on the other hand BOD ultimate from a sample of 500 mg/L amine is 715 mg/L [30].  
 
The common application of secondary treatment is using activated sludge in sequence batch reactor 
(SBR) that function to decompose organic compound. At the same time, MEA and its degradation 
products are altered into ammonia (NH3) and can react further with water yielding ammonium (NH4+). 
Ammonium (NH4+) then nitrified into nitrite (NO2-)/nitrate (NO3-) and denitrified into nitrogen (N2). This 
phenomenon can reduce the efficiency of activated sludge or SBR as both ammonium (NH4+) and organic 
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compound employing MEA as electron donor.  Due to this condition, nitrifying and denitrifying attempt 
are very crucial in avoiding the competition for electron donor [31].  
Plug-flow aeration tank is suitable for nitrification as it can only occur within aerobic environment at 
dissolved oxygen (DO) of 1 mg/L minimum, high microorganism number, long sludge residence time, 
and alkaline condition. In contrast, denitrification can only happen in anoxic condition at DO level < 0.5 
mg/L [32]. Another benefit of this condition is CH4 production [11, 33]. Moreover, nitrification-
denitrification that is combined with additional sand filtration has the capability to decrease nitrosamine 
in the wastewater up to 90% [34].  
The main objective of wastewater treatment application is to meet the criteria of particular water 
standard. In the case of UAE, the standard water effluent that can be discharged or reused is regulated in 
Standards for Effluent and Emission Discharges by Abu Dhabi Water and Electricity Authority 
(ADWEA) [35]. Wastewater reuse application is more prioritized due to water scarcity in UAE thus the 
wastewater reuse standard should be complied. 
There is a limitation in assessing the quality of MEA process waste since not all the identified 
components are included in the current standard. However, there are some parameters that are comparable 
covering BOD, ammonia, and sulfate. The BOD of MEA process waste clearly exceeds the water 
standard for reuse application as maximum allowable BOD is 15 mg/L. Treated wastewater is also 
expected not to contain ammonia nitrogen (NH4+). From Table 3, the sulfate content is 5074 mg/L (0.5% 
sulfate content) while maximum sulfate concentration is 400 mg/L. Although the evaluated parameters 
are limited, still this shows that MEA process waste should be treated initially before reuse application.  
In UAE, the treated wastewater is commonly utilized for landscape irrigation. Based on Abu Dhabi 
Water Resource Master Plan in 2009, the available capacity of irrigation network is only 115,000 m3/day 
meanwhile the demand reaches is 187,000 m3/day. As a result, 44,000 m3/day of desalinated water is 
allocated for landscape irrigation and approximately 140,000 m3/day of treated wastewater discharged to 
the sea due to limited irrigation capacity. The demand of landscape irrigation is projected to be at 250,000 
m3/day in 2015 thus the primary and secondary distribution system should be improved and taking into 
account for the upcoming water resource master plan. Besides the application in landscape irrigation, the 
uses of treated wastewater for construction activity and district cooling have been also promoted in UAE 
[36].  
 
4. Conclusion 
Although MEA is proven to have a good performance in CO2 capture application and expected to 
efficiently be reclaimed by thermal application, the presence of waste is still unavoidable.  It consists of 
heat stable salt that is induced by oxygen and carbamate polymer that is induced by high thermal. From 
SM and findings from the previous study, we obtain major 
waste component encompassing water, HEIA, formate, MEA urea, and HEEDA. MEA process waste can 
be utilized directly in NOx-SNCR application with a controlled operating condition. The addition of 
crystallization unit and KOH in reclaiming MEA can also be an option; however, it needs further study. In 
general, the identification suggests that MEA process waste is suitable to be handled biologically 
deploying activated sludge in a sequence batch reactor (SBR). Nitrifying/denitrifying as well as sand filter 
applications are recommended to achieve efficient treatment. As a result, the treated wastewater can be 
utilized for landscape irrigation and the other application with the consideration of regulated standard in 
UAE.    
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